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Section B

The maximum mark for this section is 35 marks. You are advised to spend approximately 50
minutes on this section.

1 (a) Figure 1 shows a narrow beam of electrons produced by attracting electrons emitted
from a filament wire to a metal plate which has a small hole in it.

Figure 1

beam of electrons

>

(1)  Why does electric current through the filament wire cause the wire to emit
electrons?

(3 marks)




(b)

The voltage between the filament wire and the metal plate is 3900 V. For each electron

emerging through the hole in the plate, calculate

(1)  the kinetic energy, in J,

(i) the speed.

(4 marks)
Total 7 marks




Figure 2 shows the path followed by a ray light which is incident at non-normal incidence on
a glass block in air.

Figure 2

—

glass

ray of light

(a) Use Newton’s theory of light to explain the path of the light ray shown in Figure 2.

(4 marks)




(b) Newton’s theory of light was eventually abandoned by the scientific community in
favour of Huygen’s theory of light. State one piece of evidence that supports Huygen’s
theory and explain why it supports Huygen’s theory.

(3 marks)
Total 7 marks




(a) One of the two postulates of Einstein’s theory of special relativity is that the speed of
light in free space is invariant.

(1) Explain what is meant by this postulate.

(4 marks)

(b) A stationary muon has a rest mass of 1.9 x 10™* kg.

For a muon travelling at a speed of 0.995 ¢, where c is the speed of light in a vacuum,
calculate

(1)  its mass,

(i)  1its total energy, in J.




(111) 1its kinetic energy, in J.

(6 marks)
Total 10 marks




4 (a) The discovery of photoelectricity and subsequent investigations led to the wave theory
of light being replaced by the photon theory. State one feature of photoelectricity that
could not be explained using the wave theory of light and describe how it is explained
using photon theory.

The quality of your written answer will be assessed in this question.

(6 marks)
(b) A certain metal has a work function of 2.2 eV.
(1)  Explain what is meant by this statement.

(1)) The surface of the metal is illuminated with light of wavelength 520 nm.
Calculate the maximum kinetic energy of electrons emitted from the surface.

(5 marks)
Total 11 marks






